A marine-derived endophytic fungus, identified as Aspergillus sydowii was isolated from the inner tissue of the marine red alga Acanthophora spicifera. After mass cultivation of the fungus, chemical investigation afforded two new chlorinated 2,5-diarylcyclopentenones, which were named sydowin A and B. The structures of the new compounds were established on the basis of NMR spectroscopic ( 1 H,
Endophytes, microorganisms that reside in the tissues of living plants, are relatively unexplored as potential sources of novel natural products for application in medicine, agriculture, and industry [1] . Even though it seems likely that endophytic fungi reside in most of the estimated 500,000 terrestrial plant species on our planet, only a few of them have been thoroughly characterized with regard to their endophytic microflora [2] . Moreover, the phenomenon of endophytism is by no means restricted to terrestrial habitats, as marine algae have been identified as a preferred habitat for certain fungal strains, to the extent that almost one-third of all known filamentous marine fungi are associated with algae [3] . On the one hand, marine algae contain significant quantities of potential nutrients for microorganisms such as polysaccharides [4] , while on the other hand, endophytic fungi are often confronted with unfavorable conditions, for example high concentrations of algal tannins, requiring a high degree of adaptation to their respective host organism [5] [6] . From a natural product chemist's point of view, marine-derived algicolous fungi have proven a source of significant chemical diversity, and their study has led to the discovery of a large number of new natural products including many that feature novel carbon skeletons [7] [8] [9] . Interesting examples include antimicrobial metabolites such as pestalone [10] and the drechslerines [11] , as well as natural products with pronounced cytotoxic activity, exemplified by the leptosins [12] . In the course of our continuing studies of marinederived fungi, we have investigated a strain of Aspergillus sydowii obtained from the marine red alga Acanthophora spicifera, which was collected from Bay of Bengal coast at Rameswaram, India. Our interest in this fungal strain was raised by the strong antibacterial activity against Escherichia coli and Bacillus subtilis displayed by its ethyl acetate extract. In the literature, A. sydowii has been described as a mesophilic soil saprobe, food contaminant, and occasionally as an opportunistic pathogen in humans [13] [14] . While a few Aspergillus species, including A. sydowii, have been isolated from the oceans, they are not considered normal inhabitants of the marine environment. In addition, striking differences appear to exist between marine and terrestrial strains [15] . While isolates from terrestrial sources proved nonpathogenic to healthy sea fan corals (Gorgonia spp.), the opposite was true for cultures obtained from diseased sea fans [16] .
From our marine-derived strain of A. sydowii, we obtained two new cyclopentanoids, for which we propose the names sydowin A (1) and B (2), together with the known compounds sydonic acid [17] , hydroxysydonic acid [17] , and sydowic acid [18] . Sydowin A (1) and B (2) are structurally related to a group of hydroxylated diarylcyclopentenones obtained from higher basidiomycetic fungi of the order Boletales [19] [20] [21] [22] . In this study, cyclopentanoids were isolated for the first time from an ascomycete. Table 1 ) showed five signals in the aromatic region, three of which were assigned to an ABC system characteristic of a 1,2,4-trisubstituted benzene ring (δ 7.21, br s, H-2′; 6.99, br d, H-6′; 6.79, d, H-5′), while the two remaining ones each resonated as a sharp singlet (δ 8.35, H-6″; 6.34, H-3″). In addition, a further singlet was observed at δ 4.18 (H-4), indicative of a proton residing at an oxygenated carbon, accompanied by a methoxy signal (δ 3.73). In the HMBC spectrum (see Table 1 ), H-2′, H-5′ and H-6′ displayed correlations to the same carbon at δ 151.0 (C-4′), suggesting the presence of a phenolic oxygen at this position. Additionally, both H-2′ and H-6′ exhibited 3 J C,H correlations to an oxygen-bearing aliphatic carbon at δ 82.0 (C-5), thus revealing the nature of the position immediately adjacent to the 1,2,4-trisubstituted aromatic substructure. The prominent upfield chemical shifts for position 3″ (δ H 6.34, δ C 101.9) could only be explained by two neighboring phenolic carbons (δ 156.0, C-2″; 152.1, C-4″), the latter bearing the methoxy function as indicated by the respective 3 J C,H correlation observed in the HMBC spectrum. H-6″ was placed in para-position with regard to H-3″, since both protons shared correlations to C-1″, C-2″, C-4″, and C5″. As in the case of the other aromatic subsystem, the position adjacent to the second benzene ring was revealed by a correlation from H-6″ to C-2 (δ 106.0). H-4 showed cross peaks to C-5 and C-1 (δ 194.9), leaving only two more signals unassigned in the 13 C NMR spectrum (δ 194.1, C-3, and 79.6), the latter of which was assigned to C-4 due to its chemical shift. Since the two aromatic ring systems only accounted for 8 out of the 11 degrees of unsaturation, it was evident that the remaining 5 carbons (C-1 -C-5) had to be part of a five-membered ring system featuring two double bonds. The very similar chemical shifts observed for C-1 and C-3, both resonating too far upfield for a regular keto function, could finally be explained by the presence of a highly tautomeric 3,4,5-trihydroxycyclopent-2-enone ring system, at the same time leaving only C-3′ and C-5″ to attach the remaining chlorine substituents.
Once the structure of sydowin A was at hand, the structure elucidation of sydowin B (2) proceeded in a relatively straightforward manner, even though three of its carbon signals (C-1, C-2, and C-3) could neither be detected in the 13 C NMR nor in the HMBC spectrum. From the analysis of the mass spectra, it was evident that 2 was lacking one oxygen atom in comparison to 1. This conclusion was corroborated by the HRSIMS, which revealed the molecular formula of 2 as C 18 H 14 Cl 2 O 6 . One additional proton signal in the aromatic region of the 1 H NMR spectrum immediately pointed toward the presence of two 1,2,4-tribustituted benzene rings (instead of only one in 1), thus strongly suggesting the lack of the phenolic hydroxyl function at C-2″. The assignment of the aromatic protons was unambiguously achieved by careful inspection of the HMQC spectrum, disclosing that the proton and carbon chemical shifts attributed to the "Western" half of 2, i.e. the 3-chloro-4-hydroxy substructure as well as positions 4 and 5 in the cyclopentenone ring were virtually identical to the corresponding signals observed for 1. The substitution pattern of the second 1,2,4-tribustituted aromatic ring was corroborated by 1 J C,H correlations observed for the protonated carbons, as well as long range correlations from H-5″ to the quaternary carbons C-1″, C-3″, as well as C-4″. The NMR spectroscopic data for sydowin B (2) measured in DMSO-d 6 are summarized in Table 1 ; however, since in this solvent considerable signal broadening was observed, another set of 1D and 2D spectra was acquired in MeOD (see Experimental). The fact that still no signals could be detected for C-1, C-2, and C-3 in both solvents is paralleled by similar observations reported for (-)-involutin [23] , which displays a high degree of structural similarity to sydowin B (2).
Both sydowin A (1) and B (2) are chiral molecules, each containing two asymmetric centers, C-4 and C-5. However, it was not possible to elucidate the relative stereochemistry at these positions, since only C-4 was protonated, rendering classical approaches such as the analysis of vicinal 1 H, 1 H coupling constants or observations of NOEs impossible. Additionally, we did not succeed in finding a NMR compatible solvent system in which 5-OH would appear as a clear signal, well separated from 4-OH (data not shown). Furthermore, attempts to methylate sydowin A (1) with diazomethane proved unsuccessful. A survey of the literature available for related cyclopentanoids (see following paragraph) revealed that absolute configurations remained unassigned in many cases, with the exception of total synthetic approaches (which are beyond the scope of the present investigation) and the notable case of chamonixin and involution [23] . Here, quantum chemical calculations of CD spectra were successfully carried out to derive the absolute stereochemistry. However, this elegant method which also has been employed to devise the configuration of other secondary metabolites from terrestrial and marine sources [24] requires the relative stereochemistry to be fully characterized, and thus was impossible for sydowins A (1) and B (2).
Hydroxylated diarylcyclopentenones are rarely found in nature and have hitherto only been described as characteristic pigments, often involved in conspicuous blueing reactions of the fruiting bodies, from some species of higher basidiomycetic fungi, most of which belong to the order Boletales [25] . Examples include involut from Paxillus involutus and Gyrodon lividus [25b]), involutone [2] (from Paxillus involutus), chamonixin [2] (from Chamonixia caespitosa and Gyrodon lividus [25b]), gyroporin as well as gyrocyanin [2] (from Gyroporus cyanescens and Chamonixia caespitosa [22] , the latter also from Leccinum aurantiacum [25c]). Thus, it was very surprising to detect structurally similar compounds for the first time in an ascomycete in the course of the present investigation. Sydowins A (1) and B (2) differ from these pigments in the degree of oxidation in the cyclopentenone ring, i.e. the threefold hydroxylation in addition to the keto function, and most remarkably, in the presence of the additional chlorine substituents in their two aromatic rings. It is tempting to speculate that this latter difference might be a consequence of the different environmental conditions of the marine versus the terrestrial habitat.
The ethyl acetate extract of A. sydowii was selectively active against the bacteria E. coli and B. subtilis, resulting in inhibition zones of 15 and 12 mm (diameter), respectively, when tested at a concentration of 500 µg per disk. No activity was observed at the same concentration toward S. aureus or fungi, including Candida albicans or the plant pathogens, Cladosporium cucumerinum and C. herbarum.
Experimental

General experimental procedures:
1 H NMR and 13 C NMR, HMQC, and HMBC spectra (chemical shifts in ppm, referenced to residual solvent signals) were recorded on either Bruker DRX 500 or DPX-300 NMR spectrometers. Mass spectra were obtained on either Thermofinnigan LCQ Deca (ESI) or Bruker Daltonics Apex II FT-ICR-MS (HRSIMS) mass spectrometers. For HPLC analysis, samples were injected into an HPLC system coupled to a photodiode-array detector (Dionex, Munich, Germany). Routine detection was at 254 nm in aqueous MeOH. The separation column (125 x 4 mm, i.d.) was a Eurospher-100-C18 reversed phase column (Knauer, Berlin, Germany). Optical rotations were recorded on a Perkin-Elmer-241 MC polarimeter. Semi-preparative HPLC was performed on a Eurospher-100-C18 reversed phase column utilizing a Merck-Hitachi pump L-7100 and L-7400 UV detector.
Solvents were distilled before use and spectral grade solvents were used for spectroscopic measurement. TLC was performed on TLC plates precoated with Si 60 F254 (Merck, Darmstadt, Germany). The compounds were detected from their UV absorbance (λ max 235-340 nm) and also by spraying the TLC plates with anisaldehyde reagent.
Isolation and identification of the fungal strain:
The endophytic fungus Aspergillus sydowii was isolated from fresh samples of the red alga Acanthophora spicifera. Algal material was collected from Rameswaram, India. The algal samples were rinsed with sterile sea water and surface-sterilized with 70% ethanol to kill any epiphytic fungi, then pressed onto agar plates to detect the presence of residual fungal spores on the surface. The algae were cut into pieces and placed on agar plates. The isolation medium consisted of 15 g/L agar, 15 g/L dried and powdered material of the host alga, 0.2 g/L chloramphenicol and 1 L of sea water from the sample collecting site; prior to autoclaving, the pH was adjusted at 7.4. Fungal colonies growing out of the algal tissue were reinoculated onto fresh liquid medium for upscale cultivation: 15g/L agar, 15 g/L malt extract, and 1 L of artificial sea water; the pH was adjusted at 7.4. A pure strain was isolated by repeated inoculation. Antimicrobial assay: Sterile filter paper discs were impregnated with 500 µg of the samples using methanol as the carrier solvent. The impregnated disks were then placed on agar plates previously inoculated with Bacillus subtilis (DSM 2109), Escherichia coli (DSM 10290), Staphylococcus aureus (ATCC 25923), Candida albicans, and Cladosporium herbarum (DSM 63422). Solvent controls were run against each organism. After the plates were incubated at 37º C for 24 h, antimicrobial activity was recorded as clear zones (diameter in mm) of inhibition surrounding the disk. The test sample was considered active when the zone of inhibition was greater than 7 mm.
